Phospholipase C-beta 2 (PLC-beta 2) is a key enzyme in mammalian taste signal transduction. To analyze the taste system in fishes at molecular level, we cloned mfplc-beta 2 as a medaka fish homologue of PLC-beta 2. In situ hybridization analysis revealed that mfplc-beta 2 is expressed in the lip and branchial region where chemosensory tissues are distributed. Immunohistochemical detection of nerve fibers near the mfplc-beta 2 positive cells suggests the characteristic of peripheral sensory cells. These results suggest that mfplc-beta 2 is expressed in the gustatory sensory cells of medaka. This may provide a molecular basis for the taste reception at multiple tissues in fish species.
Results and discussion
Several molecular and biochemical analyses suggest that a common molecular mechanism including phosphoinositide turnover mediates the taste signal transduction in mammals (Spielman et al., 1996; Miwa et al., 1997) . A key enzyme of this process is phopholipase C-beta (PLCbeta) that is activated by the subunits of trimeric Gproteins (Rhee, 2001) . PLC-beta produces the two-second messengers, diacylglycerol and inositol triphosphate, which connect the taste receptor signals (Chandrashekar et al., 2000; Nelson et al., 2001) to the downstream components of taste signal transduction (Miyoshi et al., 2001; Zhang et al., 2003) . In mammals, one of the four PLC-beta subtypes, PLC-beta 2, was expressed in the taste bud cells (Rossler et al., 1998) and necessary for the sweet-and bitter-signal transduction (Zhang et al., 2003) . As to the fish species, morphological and physiological descriptions of their taste systems have been accumulated (Finger, 1978; Lamb and Caprio, 1993; Ogawa and Caprio, 2000; Hansen et al., 2002) , but the underlying molecular mechanisms remain to be investigated.
To analyze the taste system of fishes at molecular level, we cloned a medaka homologue of PLC-beta 2, and examined its expression pattern.
Cloning of medaka phopholipase C-beta subtypes
Using degenerate primers, we isolated three kinds of cDNA fragments encoding X and Y domains of PLCbeta subtypes (Fig. 1A) , mfplc-beta 2, 3, and 4, (accession numbers; AB158293, AB158294 and AB158295, respectively). The amino acid sequence identities of mfplc-beta 2, 3, and 4 to the corresponding PLC-beta subtypes were as follows: . 56% to PLC-beta 2, . 62% to PLC-beta 3, . 68% to PLC-beta 4, while those of mfplc-beta subtypes to the other subtypes were smaller than 47%. As shown by the molecular phylogenic tree (Fig. 1B) , the mfPLC-beta 2 forms a branch with the PLC-beta 2 of the other species including dojo fish (Asano- Miyoshi et al., 2000) .
Expression of mfplc-beta 2 in sensory tissues
We examined the expression pattern of mfplc-beta 2 using the whole mount in situ hybridization. As shown in Fig. 2A organized as shown in the outer row (black arrowhead in Fig. 2A ) and the inner row (open arrowhead in Fig. 2A ).
In the transverse section of the lip region ( Fig. 2C ), mfplcbeta 2 signals were observed in the cells taking spindle-like shape as in the case of taste bud cells in mammals (Kinnamon et al., 1985) . Apart from the lip, the mfplc-beta 2 signals were found inside the body. In the transverse section of 30-day-old fish ( Fig. 3A) , the signals were detected along the branchial arches. In the sagittal section of 10-day-old fish, the signals were also detected in the branchial region (Fig. 3B) . In both cases, the signals appeared in cell clusters (Fig. 3C, D) . In this region, fishes were shown to have chemosensory tissue in terms of cell morphology and electrophysiological responses (Finger, 1978; Lamb and Caprio, 1993; Ogawa and Caprio, 2000; Hansen et al., 2002) . It is also likely that medaka receive chemical stimuli in this region.
Histochemical properties of mfplc-beta 2 positive cells
From the cell morphology and the tissue specific localization described above, we predicted that mfplc-beta 2 is expressed in some kind of chemosensory cells. , and AB158295, respectively) and the other vertebrate PLC-beta subtypes (mf, medaka; df, dojofish, Misgurnus anguillicaudatus; hum, human; rat, rat; tky, turky). The residues identical among the all and more than half of them are shaded in black and gray, respectively. The position of the residues are indicated as the numbers at the left side and at the end of the sequences. (B) The molecular phylogenic tree (UPGMA, drawn by GENETYX program) of medaka (boxed) and the other vertebrate PLC-beta subtypes.
To clarify this problem, we stained nerves using antiacetylated tubulin antibody, because all the peripheral sensory cells are innervated by sensory nerves. A 10-dayold fish was hybridized with mfplc-beta 2 riboprobe and stained with anti-acetylated tubulin antibody in a whole mount status. The signals of mfplc-beta 2 were detected in the lip and branchial region (open boxes in Fig. 4A ). Especially in the ventral lip, we found that the mfplc-beta 2 positive cells (blue signals in Fig. 4B ) colocalized with the nerve fibers projected to this region (brown signals in Fig. 4B ). This suggests that these cells transmit the sensory signal through the cranial nerves including the facial nerve.
The result obtained in this work is the first that demonstrates the expression of PLC-beta 2 gene in multiple organs containing gustatory sensory tissues in fish species. Recently, medaka is becoming useful as a model organism for genetic analysis because of its small and simple genome (Wittbrodt et al., 2002) . Our present study may provide a genetic tool for analyzing the taste system of vertebrate in general. 
Experimental procedures

RT-PCR
The poly(A) þ RNA was extracted from an adult fish and reverse-transcribed to cDNA using First strand synthesis kit (Amersham Biosciences). The degenerate primers:
0 -CATIC(GT)IGTICC(CT)TTIGG(AG)TA-3 0 and R1 5 0 -AACAT(TC)TGIGGCAT(GA)TA(GA)TT-3 0 were designed to encode the amino sequences, CVELDCW, KGKPPDE, EPIITHG, YPKGTR and NYMPQMF, respectively. The nested polymerase chain reactions were performed using the above primers and the cDNA as a template under the condition of 94 8C for 60 s, 45 8C for 180 s and 72 8C for 60 s, followed by 40 cycles of 94 8C for 30 s, 45 8C for 30 s and 72 8C for 60 s. The F1 and the R1 primers were used for the first amplification step. When the F2 and the R2 primers were used for the second amplification step, mfplc-beta 3 and 4 were amplified. When the F3 and the R2 primers were used for the second amplification step, mfplc-beta 2 was amplified. The cDNA fragments were cloned into pBluescript II plasmid vector. and analyzed using ABI 310A DNA sequencing system (Applied Biosystems).
In situ hybridization and immunohistochemistry
In situ hybridization analysis was performed using digoxigenin-labeled antisense RNA probes of mfplc-beta clones following the procedure described previously (Yasuoka et al., 1999) . For double staining with anti-tubulin antibody, fishes were incubated four times in PBSt after the colorizing step of in situ hybridization, blocked by 10% goat serum in PBSt (block soln), reacted with primary antibody (anti-acetylated tubulin, monoclonal, Sigma) in block soln (1/1000) for 5 h, washed five times in PBSt, reacted with secondary antibody (anti-mouse IgG conjugated with biotin, Sigma) in block soln (1/1000) for 5 h, washed six times in PBSt, reacted with complex of avidin and biotin conjugated horse radish peroxidase (Vector) in PBSt for 45 min, and washed four times in PBSt. Signal development was performed in the solution containing 100 mM Tris -Cl, pH 7.6, 0.1% H 2 O 2 and 0.2 mg/ml diaminobenzidin (Dojindo). Stained fishes were observed in 50% glycerol in PBSt.
